Several different calculation set-ups have been evaluated, differing by the composition of the phases in the simulation box and the orientation of the polarity moments of the self-organizing system (s.o.s.) phases. However, in case of strong convergence criteria being applied, the outcome of the COSMOplex calculations should be more or less equivalent. This is demonstrated by means of the COSMOplex results for acetoni-1 Electronic Supplementary Material (ESI) for Physical
in the s.o.s. phases (←→←→←→←→) -see figure1, bottom left.
• mixture bulk phase (3.5 nm), 6 s.o.s. phases (0.5 nm each) with alternating polarity moments, mixture bulk phase (3.5 nm): (bulk ←→←→←→ bulk).we also learn that the hydrotropic component acetone shows a higher affinity towards acetonitrile than towards limonene -see figure1, bottom right.
Spontaneous microemulsion-like structuring
Within this contribution, we often stated that fluctuation period lengths of COSMOplex results are strongly influenced by the definition of the calculation set-up and specifically the number, length and orientation of s.o.s. phases in the simulation box and might not have a physical meaning. This is due to the fact that the molecules in the simulation box need to be pre-orientated in order to deflect the system from the homogeneous equilibrium state. As a result, the location and number of peaks in the performed COSMOplex simulations have their origin in the definition of the calculation set-up.
Nevertheless, it is possible to observe a spontaneous microemulsion-like structuring with the COSMOplex model in SFME systems. As prove of concept, this is illustrated for the water/THF/anisole system at a phase composition of 0.50/0.40/0.10 in mole fractions on the left-hand side of figure 2. However it needs to be emphasized again that the free energy differences in the formation of aggregate structures in the investigated systems are expected to be very small. Furthermore, the spontaneous formation of pronounced microemulsion-like structures in the evaluated system was only observed in close proximity to the COSMO-RS predicted LLE mixture critical point. From the amplitude heights of the predicted layer composition fluctuations, we learn that the structuring in proximity of the mixture critical point in the ternary phase diagram is significantly stronger. Calculations performed on TZVPD-FINE level at a temperature of 25°C with (bulk ←→ bulk) calculation set-up. Refined convergence thresholdsbeing 100 times lower than the COSMOplex default values -were applied. Note the spontaneous microemulsion-like structuring at a phase composition of 0.50/0.40/0.10 (left) in mole fractions, and hence in close proximity to the LLE mixture critical point of the COSMO-RS predicted ternary phase diagram.
Choice of the proper COSMOplex calculation level for hydrogen-bonding-free systems
Comparing COSMOplex results for the acetonitrile/acetone/limonene system at different calculation levels (see figure 3 and figure 4: TZVP in the top rows vs. TZVPD-FINE in the bottom rows), we observed considerably higher fluctuation amplitudes -indicating a higher affinity of the molecules to aggregate -at the superior TZVPD-FINE level. This can be attributed to two features: the residual dielectric charge correction in the underlying COSMO-RS calculations and the better definition of hydrogen bonding between the interacting COSMO surface segments. In TZVP level calculations, a hydrogen bonding threshold is used and all COSMO surface segments with high enough polarization charge density are seen as potentially hydrogen bonding, while at TZVPD-FINE level, also the geometry of the molecule and the location and number of lone pairs are taken into account.
Both effects have reduced the contributions to the free energies arising from erroneously predicted hydrogen bonding in the HBFME system by several orders of magnitude. and TZVPD-FINE level (bottom row) at a temperature of 25°C with (bulk ← → bulk) calculation set-up. Refined convergence thresholds -being 100 times (left-hand side) and 1000 times (right-hand side) lower than the COSMOplex default values -were applied.
Simulation gradient as stability criterion
For simulations differing only in the applied convergence thresholds, the differences in the absolute fluctuation amplitude heights can be interpreted as a system, composition and temperature dependent simulation gradient. Within this contribution, we compare COSMOplex results obtained by use of two distinct sets of convergence thresholdsbeing 100 and 1000 times lower than the COSMOplex default values. The obtained results indicate a correlation between this simulation gradient of COSMOplex calculations and the stability and reliability of the predicted structuring. The most stable structures with the lowest simulation gradients were observed at phase compositions corresponding to points located in proximity to the LLE miscibility gap in ternary phase diagrams.
For phase compositions far from the miscibility gap in ternary phase diagrams, a fast decaying of the predicted fluctuation amplitude heights with increasing number of COSMOplex iterations (due to stricter convergence criteria) was observed. The corresponding large negative simulation gradient indicates that the predicted fluctuations are relatively instable and will further decay and eventually vanish completely if the simulation is continued with stricter convergence criteria. In contrast to that, relatively stable fluctuations could be obtained for the evaluated SFME and HBFME systems at phase compositions corresponding to points in the pre-Ouzo region of the ternary phase diagrams. The 
Probability distribution curves and corresponding free energy differences
Within this contribution, the COSMOplex results are often shown in the form of layer composition curves, i.e. mole fraction vs layers plots. Although such representations of ternary systems are rather unusual, they have the big advantage that each layer can easily be mapped to a point in the ternary phase diagram. Furthermore, the layer composition curves are closely related to probability distribution curves showing the relative probability to find a molecule of a compound in a given COSMOplex simulation box layer plotted against the the depth (z-coordinate) of the COSMOplex simulation box. The probability distribution curves for the acetonitrile/acetone/limonene and water/ethanol/-anisole systems at the evaluated phase compositions are given on the left-hand side of figures 9 and 10. The plots on the right-hand side of figures 9 and 10 show the free energy differences of the compounds in a given simulation box layer with respect to the free energy in the first simulation box layer plotted against the depth of the COSMOplex simulation box. The corresponding layer composition curves are shown e.g. in figures 8 and 5, respectively. 
Solvation and hydrotropic efficiencies from a theoretical point of view
In order to evaluate and explain the hydrotropic strength of amphiphilic molecules, it is helpful to look upon solvation from a theoretical point of view. Let us consider liquid water at low temperatures as more or less ordered three-dimensional network, in which each molecule can form up to four hydrogen bonds to tetrahedrally coordinated neighbor molecules. Be aware that the formation of hydrogen bonds between two molecules and especially the formation of cooperative hydrogen bonds in a 3D network goes along with a tremendous loss of configurational entropy and strongly reduces the solubilizing power of a polar protic solvent. This is due to the fact that strongly interacting hydrogen bonds have to be broken before a cavity for a solute molecule can form.
Then the question arises why non-polar molecules can be solvated by water after all.
Curiously, the answer is again hydrogen bonding or more exactly the high degree of order in the solvation/hydration shells closest to the solute molecules. Due to the strong interactions via hydrogen bonds, positively charged molecular surfaces are most likely in contact with negatively charged molecular surfaces. The polar and oppositely charged molecular surfaces of the water molecules therefore tend to screen themselves and the resulting combined surface of a cluster of interacting water molecules is relatively non-polar. This behavior of water to be highly ordered in the first solvation shells is commonly known and can for instance be found in methane hydrates (methane ice), where a small methane molecule is encapsulated by highly ordered water molecules and forms clathrates. Liquid water is of course not that ordered but will still screen itself to a high degree and can therefore form cavities with low polarity. These principles are illustrated in fig. 13 with geometry optimized clusters of water molecules, screened by a virtual conductor with infinite dielectric (COSMO cavity). The hydrogen bond induced degree of order in liquid water strongly depends on the temperature of the system and provides a good explanation for e.g. the density anomaly of liquid water. Furthermore, the formation of clusters of water molecules, interacting via hydrogen bonds, can be seen as the source of the hydrophobic behavior of non-polar solvents like e.g. heptane or toluene when mixed with water. From the σ-potentials of the evaluated solvents, it is evident that the solvation of hydrotrope molecules in nonpolar solvents (like e.g. heptane or toluene) is only possible for entropic reasons, while in case of more polar solvents also a temperature dependent enthalpic contribution must be considered.
In order to enable the mixing of water with non-polar solvents, or more general of waterrich with oil-rich phases, hydrotropes can be used as solubilizers. Due to their amphiphilic character, these molecules are likely to be miscible with both phases and therefore able to introduce and provide non-polar molecular surfaces in the water-rich and/or polar molecular surfaces in the oil-rich phase. However, due to the fact that most hydrotrope molecules provide much more non-polar molecular surface area than highly polar surface area, the first (introducing non-polar molecular surfaces into the water-rich phase) will have a higher influence on the solubilisation efficiency of the hydrotrope, indicated by the miscibility gap in the measured ternary phase diagrams.
Within the ternary water/hydrotrope/anisole systems evaluated within this study, the solubilizing power of the hydrotropic components can be correlated with the affinity of the hydrotropic compound in infinite dilution towards the water-rich phase and the amount of non-polar molecular surface of the corresponding hydrotrope. The first can be quantified either by infinite dilution activity coefficients or the partition coefficients of hydrotrope molecules in infinite dilution between the phases in a binary water-oil phase equilibrium, the second can be obtained from the σ-profiles of the hydrotrope molecules.
The σ-profiles shown in figure 14 , provide a detailed description of molecular polarity properties and can hence be used to quantify molecular interactions in solution. The σ-regions beyond ±1 e/nm² must be considered as strongly polar and potentially hydrogen bonding, while the rest corresponds to weakly polar or non-polar surface areas. Note that the area under a σ-profile curve corresponds to the molecular surface of the molecule.
Figure 14: σ-profiles and corresponding COSMO surfaces of water, ethanol, acetone, tetrahydrofuran (THF) and anisole. The given σ-profiles provide a detailed description of molecular polarity properties and indicate the total area of COSMO surface with a specific polarity. The σ-regions beyond ±1 e/nm 2 must be considered as stongly polar and potentially hydrogen bonding, while the rest corresponds to weakly polar or non-polar surface areas. For simplicity only one conformer is plotted for each molecule.
From the left side of fig. 14, it is obvious that the main difference between the hydrotrope molecules ethanol, acetone and THF can be found in the strongly polar σ-regions beyond ±1 e/nm 2 . This can be correlated to the availability of hydrogen bond donor and acceptor sites on the molecular surface of the hydrotrope molecules. Assuming that all correlation effects arising from the geometry of the molecules can be neglected in the first order, an optimal combination of the pairwise interacting COSMO surface segments in a liquid system should screen itself and consequently produce as less electrostatic misfit as possible. In other words, surface area with a specific polarity σ would preferably interact with surface area of polarity -σ. The corresponding combined σ-profile would be perfectly symmetric and the residual misfit charge would be zero.
Considering pure anisole, an optimal pairing of all COSMO surface segments is not possible, since the surface charge of the polar molecular surface corresponding to the oxygen atom of the anisole molecule can not be screened by other polar surfaces. However, as indicated by the σ-profiles in figure 14 , the resulting residual misfit of anisole can be reduced by adding ethanol molecules.
Beside of the obvious differences in the σ-regions beyond ±1 e/nm 2 , the hydrotropic molecules also differ to a high extent in the amount of non-polar and weakly polar surface area. From the σ-profiles we guess that from the three compounds, ethanol will show the highest and THF the lowest affinity towards water molecules. Infinite dilution partition coefficients between the phases in a binary water/anisole phase equilibrium at standard conditions confirm this trend. 
